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ARTHROSCOPIC DEVICES AND METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Provisional Applica-
tion No. 62/307,229, filed Mar. 11, 2016, Provisional Appli-
cation No. 62/308,705, filed Mar. 15, 2016, and Provisional

Application No. 62/308,743, filed Mar. 15, 2016, the entire
contents of which are imcorporated herein 1n their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mnvention relates to arthroscopic tissue cutting and
removal devices by which anatomical tissues may be cut and
removed from a joint or other site. More specifically, this
invention relates to mstruments configured for cutting and
removing soit tissue with an electrosurgical device.

In several surgical procedures including subacromial
decompression, anterior cruciate ligament reconstruction
involving notchplasty, and arthroscopic resection of the
acromioclavicular joint, there 1s a need for cutting and
removal of bone and soit tissue. Currently, surgeons use
arthroscopic shavers and burrs having rotational cutting
surfaces to remove hard tissue 1n such procedures, and a
need had existed for arthroscopic cutters that remove soft
tissue rapidly.

Recently, arthroscopic surgical cutters capable of selec-
tively removing both hard tissues and soft tissues have been
developed. Such cutters are described in the following US
Patent Publications which are commonly assigned with the
present application: US20130253498; US20160113706;
US20160346036; US20160157916; and US20160081737,
the full disclosures of which are incorporated herein by
reference.

While very eflective, 1t would be desirable to provide
arthroscopic surgical cutters and cutter systems as “repos-
able” devices with disposable cutting components and reus-
able, sterilizable handles. Preferably, the handles would
incorporate as many of the high value system components as
possible. Further preferably, the handle designs would have
a minimum number of external connections to simplily
sterilization and set-up. Still more preferably, the cutters and
systems would allow for bipolar cutting as well as monopo-
lar and mechanical (cutting blade) resection. At least some
of these objectives will be met by the inventions described
herein.

2. Description of the Background Art

Various surgical systems have been disclosed that include
a handpiece and/or motor drive that 1s coupled to a dispos-
able electrosurgical cutter assembly, including U.S. Pat.
Nos. 3,945,375; 4,815,462; 5,810,809; 5,957.884; 6,007,
553; 6,629,986 6,827,725; 7,112,200 and 9,504,521. One
commercially available RF shaver sold under the tradename
DYONICS Bonecutter Electroblade Resector (See, http://
www.smith-nephew.com/professional/products/all-prod-
ucts/dyonics-bonecutter-electroblade) utilizes an indepen-
dent or separate RF electrical cable that carries neither motor
power nor electrical signals and couples directly to an
exposed part or external surface of the prior art shaver hub.
The electrical cable must be routed distally 1n parallel to a
reusable handle. In such a prior art device, the coupling of
RF does not extend through the reusable handle. The use of
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Hall effect sensors for monitoring rotational speed of an
inner sleeve relative to an outer sleeve 1n an electrosurgical

cutter 1s described 1 US 2016/0346036 and US 2017/
0027599, both having a common mventor with the present
application. Other commonly assigned published US Patent

Applications have been listed above, 1ncluding
US20130253498; US20160113706; US20160346036;

US20160157916; and US20160081737.

SUMMARY OF THE INVENTION

In general, arthroscopic systems according to the present
invention include a re-useable, sterilizable handle or hand-
piece integrated with a single umbilical cable or conduit.
The single umbilical cable or conduit carries electrical
power from a power and/or control console to the handle for
operating both a motor drive unit within the handle and for
delivering the RF power to a disposable RF probe or cutter
which may be detachably connected to the handle. The RF
power delivered to the handle and on to the probe or cutter
1s typically bi-polar, where the handle includes first and
second electrical bi-polar contacts that couple to correspond-
ing bi-polar electrical contacts on a hub of the disposable RF
probe or cutter that 1s connected to the handle.

In a first aspect, the present invention provides a dispos-
able bipolar RF probe for use in the presence of an electri-
cally conductive tfluid. The probe comprises a shaft includ-
ing an mner electrically conductive sleeve and an outer
clectrically conductive sleeve and a hub having a central
passage. Opposing polarity regions of the mner and outer
clectrically conductive sleeves are present, typically
exposed, 1n the central passage, and the opposing polarity
regions have a spacing therebetween which 1nhibits intru-
sion of the conductive fluid and limits RF or other current
flow between said opposing polarity regions when, for
example, a distal working end of the probe 1s immersed 1n
or otherwise in the presence of a conductive fluid during use.

The proximal hub of the disposable bipolar RF probe 1s
typically configured or adapted for detachable coupling to a
handle carrying first and second electrical contacts for
coupling RF current through the hub to said first and second
conductive sleeves. The mner and outer electrically conduc-
tive sleeves may be configured to couple RF current flow to
respective first and second opposing polarity electrodes in
the working end of the probe, and the intrusion of conduc-
tive fluid 1s usually limited sufliciently in the interior and
central passage of the hub so that RF current flow to the
working end 1s in presence ol the conductive fluid 1s
ummpeded.

In specific examples of the disposable bipolar RF probe,
at least a portion of the mner electrically conductive sleeve
1s rotationally disposed 1n a bore of the outer electrically
conductive sleeve, and said opposing polarity regions are
longitudinally spaced apart 1n the interior of the hub by a
distance selected to at least substantially impede or limit RF
current tlow between said opposing polarity regions during
use. The selected distance 1s usually at least 0.5 inch, often
at least 0.6 1nch, frequently at least 0.8 inch, and sometimes
at least 1 inch, or longer. The mner and outer sleeves are
separated by an annular space in the hub of usually less than
0.010 inch, often less than 0.004 inch, and frequently less
than 0.002 inch to further minimize fluid intrusion and
maximize electrical resistance between said opposing polar-
ity regions.

In a second aspect of the present invention, an arthro-
scopic treatment system comprises a disposable bipolar RF
probe as described above and a handle, where the handle
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includes a motor drive unit for rotating the second conduc-
tive sleeve when the disposable bipolar RF probe 1s coupled
to the hub.

In a third aspect of the present invention, a surgical system
comprises a handle carrying a motor drive unit. A disposable
RF probe has a proximal hub that detachably couples to the
handle, an RF eflector, and a component that 1s driven by the
motor drive unit. At least one Hall sensor 1s carried by or
otherwise coupled the motor drive unit to provide signals
representative of motor operating parameters. A controller 1s
operatively coupled to the motor and the RF probe by an
umbilical conduit that includes (1) an electrical cable for
delivering electrical power to the motor, (11) an RF cable for
delivering RF power to the RF effector, and (111) at least one
signal circuit including a signal cable for delivering signals
from Hall signals to the controller. Typically, at least one
Schmitt trigger operatively coupled to the at least one signal
circuit for reducing noise induction therein.

As used herein, the phrase “Hall effect sensor” refers to a
transducer or equivalent analog or digital circuitry that
varies 1ts output voltage in response to a magnetic field.
Typically, the Hall eflect sensor operates as an analog
transducer, directly outputting a voltage signal induced by
the motor drive in the handle to analog or digital circuitry in
a controller or other control circuitry in the control console
of the present invention for the purposes described 1n detail
below.

As used herein, the phrase “Schmitt trigger” refers to a
comparator circuit with hysteresis implemented by applying
positive feedback to the noninverting input of a comparator
or differential amplifier. It 1s an analog or digital active
circuit which converts an analog input signal to a digital
output signal and may be implemented 1n the control cir-
cuitry of the systems of the present invention for the
purposes described 1n detail below.

In exemplary embodiments of the surgical systems of the
present mvention, a plurality of Hall sensors are carried by
or otherwise coupled to the handle and the motor drive unat,
where each Hall sensor comprises a signal circuit connected
by a signal cable in the umbilical conduit to the controller.
A first Schmitt trigger 1s located 1n a handle end of each
signal circuit and a second Schmitt trigger 1s located 1n a
controller end of each signal circuit. For example, three Hall
sensors may be carried by or otherwise coupled to the handle
and the motor drive unit wherein each of the three Hall
sensors comprises a signal circuit connected by a signal
cable 1n the umbilical conduit to the controller, and a Schmatt
trigger may be located 1n a handle end of each of the three
signal circuits and another Schmitt trigger may be located 1n
a controller end of each of the three signal circuits.

In a fourth aspect of the present invention, a surgical
system comprises a handle carrying a motor drive unit
including Hall sensors therein. A disposable RF probe has a
proximal hub that detachably couples to the handle, and the
RF probe has an RF effector and a component that 1s driven
by the motor drive unit. A single umbilical conduit extends
from the handle to a control console, and the single conduit
includes (1) an electrical cable for delivering electrical power
to the motor, (11) an RF cable for delivering RF power to the
RF eflector, and (111) a plurality of signal cables for carrying
Hall sensor signals. The surgical system may further com-
prise a first Schmitt trigger coupled to each signal cable at
a handle end thereof and a second Schmitt trigger coupled to
cach signal cable at a console end thereof.

In a fifth aspect of the present invention, a method of
operating an arthroscopic treatment system comprises pro-
viding a disposable RF treatment device detachably coupled
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to a handle that carries a motor drive unit, where the handle
1s coupled to a control console through a single conduait.
Power 1s delivered to the motor and the RF device through
first and second respective electrical cables 1n the single
conduit. A Hall sensor coupled to the motor drive sends
motor operating parameter signals to the control console in
a signal circuit including an electrical cable 1n the single
conduit. At least one Schmitt trigger 1n the signal circuit
reduces noise mduction therein due to the proximity of the
first and second electrical cables.

In a sixth aspect of the present invention, an arthroscopic
system comprises a probe having a distal bipolar element
and a proximal hub having a first polarity electrical contact
and a second polarity electrical contact. A handle having a
distal cylindrical passageway 1s configured to removably
receive the proximal hub of the probe, and the hub has a first
polarity electrical contact and a second polarity electrical
contact. The first polarnity electrical contact and the second
polarity electrical contact on the hub engage the first polarity
clectrical contact and the second polarity electrical contact
in the passageway, and the first and second electrical con-
tacts 1n the distal passageway of the handle comprise a
conductive material which 1s resistant to alternating current
COrrosion.

In specific embodiments, the first and second electrical
contacts 1n the distal passageway of the handle may com-
prise or are plated with a matenal selected from the group
consisting of titanium, gold, silver, platinum, carbon, molyb-
denum, tungsten, zinc, Inconel, graphite, nickel or a com-
bination thereof. The first and second electrical contacts in
the distal passageway of the handle may be axially spaced-
apart and exposed on an inner surface of the distal passage-
way, where the first and second electrical contacts may
comprise ring-like contacts which extend circumierentially
around at least a portion of the cylindrical passageway,
typically extending 360° around the inner surface of the
cylindrical passageway. The arthroscopic systems may fur-
ther comprise a fluid seal between the hub and the cylindri-
cal passageway, where the fluid seal often comprises at least
one O-ring disposed on the 1mner surface of the cylindrical
passageway. The fluid seal further may further comprises at
least one O-ring disposed on the proximal hub of the probe,
and at least one of the O-rings i1s disposed between the
axially spaced apart electrical contacts. Often, at least one
O-ring 1s also disposed proximally of all of the electrical
contacts and at least one of the O-rings 1s disposed distally
of all of the electrical contacts.

In other embodiments, the handle carries a motor drive
unit with a non-detachable umbilical conduit, where said
umbilical conduit carries a plurality of electrical cables.
Usually, at least one electrical cable 1s connected to drive the
motor drive unit, at least one cable 1s connected to the first
polarity electrical contact in the passageway, and at least one
cable 1s connected to the second polarty electrical contact in
the passageway. The umbilical conduit may further carry
one or more electrical cables for signaling and control
functions, and the first polarity electrical contact and the
second polarity electrical contact on the proximal hub of the
probe may comprise spring-loaded elements on an outer
surface of the hub.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the present invention will now be
discussed with reference to the appended drawings. It should
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be appreciated that the drawings depict only typical embodi-
ments of the mnvention and are therefore not to be considered
limiting 1n scope.

FIG. 1 1s a perspective view of a disposable arthroscopic
cutter or burr assembly with a ceramic cutting member
carried at the distal end of a rotatable inner sleeve with a

window 1n the cutting member proximal to the cutting edges
of the burr.

FIG. 2 1s an enlarged perspective view of the ceramic

cutting member of the arthroscopic cutter or burr assembly
of FIG. 1.

FIG. 3 1s a perspective view of a handle body with a motor
drive unit to which the burr assembly of FIG. 1 can be
coupled, with the handle body including an LCD screen for

displaying operating parameters of device during use

together with a joystick and mode control actuators on the
handle.

FIG. 4 1s an enlarged perspective view of the ceramic
cutting member showing a manner of coupling the cutter to
a distal end of the inner sleeve of the burr assembly.

FIG. SA 1s a cross-sectional view of a cutting assembly
similar to that of FIG. 2 taken along line 5A-5A showing the
close tolerance between sharp cutting edges of a window 1n
a ceramic cutting member and sharp lateral edges of the
outer sleeve which provides a scissor-like cutting effect 1n
soit tissue.

FIG. 5B 1s a cross-sectional view of the cutting assembly
of FIG. 5A with the ceramic cutting member 1n a different
rotational position than 1 FIG. 5A.

FIG. 6 1s a perspective view ol another ceramic cutting
member carried at the distal end of an inner sleeve with a
somewhat rounded distal nose and deeper flutes than the
cutting member of FIGS. 2 and 4, and with aspiration
openings or ports formed in the flutes.

FIG. 7 1s a perspective view ol another ceramic cutting,
member with cutting edges that extend around a distal nose
of the cutter together with an aspiration window in the shatt
portion and aspiration openings in the flutes.

FIG. 8 1s a perspective view of a ceramic housing carried
at the distal end of the outer sleeve.

FIG. 9 1s a perspective of another variation of a ceramic
member with cutting edges that includes an aspiration
window and an electrode arrangement positioned distal to
the window.

FIG. 10 1s an elevational view of a ceramic member and
shaft of FIG. 9 showing the width and position of the
clectrode arrangement 1n relation to the window.

FI1G. 11 1s an end view of a ceramic member of FIGS. 9-10
the outward periphery of the electrode arrangement in
relation to the rotational periphery of the cutting edges of the
ceramic member.

FIG. 12A 1s a schematic view of the working end and
ceramic cutting member of FIGS. 9-11 1llustrating a step 1n
a method of use.

FIG. 12B 1s another view of the working end of FIG. 12A
illustrating a subsequent step 1n a method of use to ablate a
tissue surface.

FIG. 12C 1s a view of the working end of FIG. 12A
illustrating a method of tissue resection and aspiration of
tissue chips to rapidly remove volumes of tissue.

FIG. 13A 1s an elevational view of an alternative ceramic
member and shaft similar to that of FIG. 9 illustrating an
clectrode vanation.

FIG. 13B 1s an elevational view of another ceramic
member similar to that of FIG. 12A illustrating another
clectrode varnation.
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FIG. 13C 1s an elevational view of another ceramic
member similar to that of FIGS. 12A-12B illustrating
another electrode variation.

FIG. 14 1s a perspective view of an alternative working,
end and ceramic cutting member with an electrode partly
encircling a distal portion of an aspiration window.

FIG. 15A 1s an elevational view of a working end varia-
tion with an electrode arrangement partly encircling a distal
end of the aspiration window.

FIG. 15B 1s an elevational view of another working end
variation with an electrode positioned adjacent a distal end
of the aspiration window.

FIG. 16 1s a perspective view of a variation of a working,
end and ceramic member with an electrode adjacent a distal
end of an aspiration window having a sharp lateral edge for
cutting tissue.

FIG. 17 1s a perspective view of a variation of a working
end and ceramic member with four cutting edges and an
clectrode adjacent a distal end of an aspiration window.

FIG. 18 i1s perspective view of an arthroscopic system
including a control and power console, a footswitch and a
re-usable motor carrying a motor drive unit.

FIG. 19 1s an enlarged sectional view of the distal end of
the handle of FIG. 18 showing first and second electrical
contacts therein for coupling RF energy to a disposable RF
probe.

FIG. 20 1s a perspective view of a disposable RF probe of

the type that couples to the re-useable handle of FIGS.
18-19.

FIG. 21 1s a sectional perspective view of a proximal hub
portion of the disposable RF probe of FIG. 20.

FIG. 22 1s a sectional view of a variation of the hub of
FIG. 21 which includes a fluid trap for collecting any
conductive fluid migrating proximally 1n the hub.

FIG. 23 1s a cross-sectional view of the electrical conduit

of FIG. 18 taken along line 23-23 of FIG. 18.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

The present imnvention relates to bone cutting and removal
devices and related methods of use. Several variations of the
invention will now be described to provide an overall
understanding of the principles of the form, function and
methods of use of the devices disclosed herein. In general,
the present disclosure provides for an arthroscopic cutter or
burr assembly for cutting or abrading bone that 1s disposable
and 1s configured for detachable coupling to a non-dispos-
able handle and motor drive component. This description of
the general principles of this mnvention 1s not meant to limit
the 1nventive concepts in the appended claims.

In general, the present invention provides a high-speed
rotating ceramic cutter or burr that 1s configured for use in
many arthroscopic surgical applications, including but not
limited to treating bone in shoulders, knees, hips, wrists,
ankles and the spine. More 1n particular, the device includes
a cutting member that 1s fabricated entirely of a ceramic
material that 1s extremely hard and durable, as described in
detail below. A motor drive 1s operatively coupled to the
ceramic cutter to rotate the burr edges at speeds ranging
from 3,000 rpm to 20,000 rpm.

In one variation shown 1 FIGS. 1-2, an arthroscopic
cutter or burr assembly 100 1s provided for cutting and
removing hard tissue, which operates in a manner similar to
commercially available metals shavers and burrs. FIG. 1
shows disposable burr assembly 100 that 1s adapted for
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detachable coupling to a handle 104 and motor drive unit
105 therein as shown 1n FIG. 3.

The cutter assembly 100 has a shaft 110 extending along
longitudinal axis 115 that comprises an outer sleeve 120 and
an 1mner sleeve 122 rotatably disposed therein with the mnner
sleeve 122 carrying a distal ceramic cutting member 125.
The shait 110 extends from a proximal hub assembly 128
wherein the outer sleeve 120 1s coupled 1n a fixed manner to
an outer hub 140A which can be an injection molded plastic,
for example, with the outer sleeve 120 mnsert molded therein.
The mner sleeve 122 1s coupled to an inner hub 140B
(phantom view) that 1s configured for coupling to the motor
drive unit 105 (FIG. 3). The outer and 1nner sleeves 120 and
122 typically can be a thin wall stainless steel tube, but other
materials can be used such as ceramics, metals, plastics or
combinations thereof.

Referring to FI1G. 2, the outer sleeve 120 extends to distal
sleeve region 142 that has an open end and cut-out 144 that
1s adapted to expose a window 145 in the ceramic cutting
member 125 during a portion of the mner sleeve’s rotation.
Referring to FIGS. 1 and 3, the proximal hub 128 of the burr
assembly 100 1s configured with a J-lock, snap-fit feature,
screw thread or other suitable feature for detachably locking
the hub assembly 128 into the handle 104. As can be seen in
FIG. 1, the outer hub 140A includes a projecting key 146
that 1s adapted to mate with a receiving J-lock slot 148 1n the
handle 104 (see FIG. 3).

In FIG. 3, it can be seen that the handle 104 1s operatively
coupled by electrical cable 152 to a controller 155 which
controls the motor drive unit 105. Actuator buttons 156aq,
1566 or 156¢ on the handle 104 can be used to select
operating modes, such as various rotational modes for the
ceramic cutting member. In one variation, a joystick 158 be
moved forward and backward to adjust the rotational speed
of the ceramic cutting member 125. The rotational speed of
the cutter can continuously adjustable, or can be adjusted in
increments up to 20,000 rpm. FIG. 3 further shows that
negative pressure source 160 1s coupled to aspiration tubing,
162 which communicates with a flow channel in the handle
104 and lumen 165 in nner sleeve 122 which extends to
window 145 in the ceramic cutting member 125 (FIG. 2).

Now referring to FIGS. 2 and 4, the cutting member 125
comprises a ceramic body or monolith that 1s fabricated
entirely of a technical ceramic material that has a very high
hardness rating and a high fracture toughness rating, where
“hardness” 1s measured on a Vickers scale and “fracture
toughness” is measured in MPam'?. Fracture toughness
refers to a property which describes the ability of a material
contaiming a flaw or crack to resist further fracture and
expresses a material’s resistance to brttle fracture. The
occurrence ol flaws 1s not completely avoidable 1n the
tabrication and processing of any components.

The authors evaluated technical ceramic materials and
tested prototypes to determine which ceramics are best
suited for the non-metal cutting member 125. When com-
paring the material hardness of the ceramic cutters of the
invention to prior art metal cutters, it can easily be under-
stood why typical stainless steel bone burrs are not optimal.
Types 304 and 316 stainless steel have hardness ratings of
1.7 and 2.1, respectively, which 1s low and a {fracture
toughness ratings of 228 and 2778, respectively, which 1s very
high. Human bone has a hardness rating of 0.8, so a stainless
steel cutter 1s only about 2.5 times harder than bone. The
high fracture toughness of stainless steel provides ductile
behavior which results 1 rapid cleaving and wear on sharp
edges of a stainless steel cutting member. In contrast,
technical ceramic materials have a hardness ranging from
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approximately 10 to 15, which 1s five to six times greater
than stainless steel and which 1s 10 to 15 times harder than
cortical bone. As a result, the sharp cutting edges of a
ceramic remain sharp and will not become dull when cutting
bone. The fracture toughness of suitable ceramics ranges
from about 5 to 13 which 1s suflicient to prevent any
fracturing or chipping of the ceramic cutting edges. The
authors determined that a hardness-to-fracture toughness
ratio (“hardness-toughness ratio”) 1s a useful term for char-
acterizing ceramic materials that are suitable for the inven-
tion as can be understood form the Chart A below, which
lists hardness and fracture toughness of cortical bone, a 304
stainless steel, and several technical ceramic materials.

CHART A
Ratio
Fracture = Hardness
Hardness Toughness to Fracture
(GPa) (MPamV?) Toughness
Cortical bone 0.8 12 07:1
Stainless steel 304 2.1 228 01:1
Yttria-stabilized zirconia (YTZP)
YTZP 2000 (Superior Technical 12.5 10 1.25:1
Ceramics)
YTZP 4000 (Superior Technical 12.5 10 1.25:1
Ceramics)
YTZP (CoorsTek) 13.0 13 1.00:1
Magnesia stabilized zirconia (MSZ)
Dura-Z ® (Superior Technical 12.0 11 1.09:1
Ceramics)
MSZ 200 (CoorsTek) 11.7 12 0.98:1
Zirconia toughened alumina (ZTA)
YTA-14 (Superior Technical 14.0 5 2.80:1
Ceramics)
Z'TA (CoorsTek) 14.8 6 2.47:1
Ceria stabilized zirconia
CSZ (Superior Technical 11.7 12 0.98:1
Ceramics)
Silicon Nitride
SIN (Superior Technical Ceramics) 15.0 6 2.50:1

As can be seen 1n Chart A, the hardness-toughness ratio
for the listed ceramic materials ranges from 98x to 250x
greater than the hardness-toughness ratio for stainless steel
304. In one aspect of the mmvention, a ceramic cutter for
cutting hard tissue 1s provided that has a hardness-toughness
ratio of at least 0.5:1, 0.8:1 or 1:1.

In one variation, the ceramic cutting member 125 1s a
form of zirconia. Zirconia-based ceramics have been widely
used 1n dentistry and such materials were derived from
structural ceramics used 1n aerospace and military armor.
Such ceramics were modified to meet the additional require-
ments of biocompatibility and are doped with stabilizers to
achieve high strength and fracture toughness. The types of
ceramics used in the current invention have been used 1n
dental implants, and technical details of such zirconia-based
ceramics can be found in Volpato, et al., “Application of
Zirconmia 1 Dentistry: Biological, Mechamical and Optical
Considerations”, Chapter 17 in Advances in Ceramics—
FElectric and Magnetic Ceramics, Bioceramics, Ceramics
and Environment (2011).

In one variation, the ceramic cutting member 125 1s
fabricated of an yttria-stabilized zirconia as 1s known in the
field of techmical ceramics, and can be provided by Coor-
sTek Inc., 16000 Table Mountain Pkwy., Golden, Colo.

80403 or Superior Technical Ceramics Corp., 600 Industrial
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Park Rd., St. Albans City, Vt. 05478. Other technical ceram-
ics that may be used consist of magnesia-stabilized zirconia,
ceria-stabilized zircomia, zircomia toughened alumina and
silicon nitride. In general, 1n one aspect of the invention, the
monolithic ceramic cutting member 125 has a hardness
rating of at least 8 Gpa (kg/mm?). In another aspect of the
invention, the ceramic cutting member 125 has a fracture
toughness of at least 2 MPam'’~.

The fabrication of such ceramics or monoblock compo-
nents are known 1n the art of technical ceramics, but have not
been used 1n the field of arthroscopic or endoscopic cutting,
or resecting devices. Ceramic part fabrication includes
molding, sintering and then heating the molded part at high
temperatures over precise time intervals to transform a
compressed ceramic powder into a ceramic monoblock
which can provide the hardness range and fracture toughness
range as described above. In one variation, the molded
ceramic member part can have additional strengthening
through hot isostatic pressing of the part. Following the
ceramic fabrication process, a subsequent grinding process
optionally may be used to sharpen the cutting edges 175 of
the burr (see FIGS. 2 and 4).

In FIG. 4, 1t can be seen that 1n one variation, the proximal
shaft portion 176 of cutting member 125 includes projecting
clements 177 which are engaged by receiving openings 178
in a stainless steel split collar 180 shown 1n phantom view.
The split collar 180 can be attached around the shaft portion
176 and projecting elements 177 and then laser welded
along weld line 182. Thereatter, proximal end 184 of collar
180 can be laser welded to the distal end 186 of stainless
steel mner sleeve 122 to mechanically couple the ceramic
body 125 to the metal inner sleeve 122. In another aspect of
the invention, the ceramic material 1s selected to have a
coellicient of thermal expansion between 1s less than 10
(1x10°/° C.) which can be close enough to the coeflicient of
thermal expansion of the metal sleeve 122 so that thermal
stresses will be reduced in the mechanical coupling of the
ceramic member 125 and sleeve 122 as just described. In
another variation, a ceramic cutting member can be coupled
to metal sleeve 122 by brazing, adhesives, threads or a
combination thereof.

Referring to FIGS. 1 and 4, the ceramic cutting member
125 has window 145 therein which can extend over a radial
angle of about 10° to 90° of the cutting member’s shaft. In
the vaniation of FIG. 1, the window 1s positioned proximally
to the cutting edges 175, but 1n other variations, one or more
windows or openings can be provided and such openings
can extend in the flutes 190 (see FIG. 6) intermediate the
cuttmg edges 175 or around a rounded distal nose of the
ceramic cutting member 1235. The length L of window 1435
can range from 2 mm to 10 mm depending on the diameter
and design of the ceramic member 125, with a width W of
1 mm to 10 mm.

FIGS. 1 and 4 shows the ceramic burr or cutting member
125 with a plurality of sharp cutting edges 175 which can
extend helically, axially, longitudinally or 1n a cross-hatched
configuration around the cutting member, or any combina-
tion thereof. The number of cutting edges 175 ands inter-
mediate flutes 190 can range from 2 to 100 with a flute depth
ranging from 0.10 mm to 2.5 mm. In the variation shown in
FIGS. 2 and 4, the outer surface or periphery of the cutting
edges 175 1s cylindrical, but such a surface or periphery can
be angled relative to axis 115 or rounded as shown 1n FIGS.
6 and 7. The axial length AL of the cutting edges can range
between 1 mm and 10 mm. While the cutting edges 173 as
depicted 1n F1G. 4 are configured for optimal bone cutting or
abrading 1 a single direction of rotation, 1t should be
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appreciated the that the controller 155 and motor drive 105
can be adapted to rotate the ceramic cutting member 125 1n
either rotational direction, or oscillate the cutting member

back and forth in opposing rotational directions.
FIGS. 5A-5B illustrate a sectional view of the window

145 and shaift portion 176 of a ceramic cutting member 125’
that 1s very similar to the ceramic member 1235 of FIGS. 2
and 4. In this vaniation, the ceramic cutting member has
window 145 with one or both lateral sides configured with
sharp cutting edges 202q and 20256 which are adapted to
resect tissue when rotated or oscillated within close prox-
1mity, or 1n scissor-like contact with, the lateral edges 204qa
and 2045 of the sleeve walls 1n the cut-out portion 144 of the
distal end of outer sleeve 120 (see FI1G. 2). Thus, 1n general,
the sharp edges of window 145 can function as a cutter or
shaver for resecting soft tissue rather than hard tissue or
bone. In this vanation, there 1s eflectively no open gap G
between the sharp edges 202a and 2026 of the ceramic
cutting member 125" and the sharp lateral edges 204a, 2045
of the sleeve 120. In another variation, the gap G between

the window cutting edges 202a, 2025 and the sleeve edges
204a, 2045 1s less than about 0.020 inch, or less than 0.010
inch.

FIG. 6 1illustrates another variation of ceramic cutting
member 225 coupled to an mnner sleeve 122 in phantom
view. The ceramic cutting member again has a plurality of
sharp cutting edges 175 and flutes 190 therebetween. The
outer sleeve 120 and 1ts distal opening and cut-out shape 144
are also shown 1n phantom view. In this variation, a plurality
of windows or opening 245 are formed within the flutes 190
and communicate with the interior aspiration channel 165 1n
the ceramic member as described previously.

FIG. 7 illustrates another varnation of ceramic cutting
member 250 coupled to an iner sleeve 122 (phantom view)
with the outer sleeve not shown. The ceramic cutting mem-
ber 250 1s very similar to the ceramic cutter 125 of FIGS. 1,
2 and 4, and again has a plurality of sharp cutting edges 175
and flutes 190 therebetween. In this variation, a plurality of
windows or opening 255 are formed in the flutes 190
intermediate the cutting edges 175 and another window 145
1s provided in a shaft portion 176 of ceramic member 225 as
described previously. The openings 255 and window 145
communicate with the interior aspiration channel 163 1n the
ceramic member as described above.

It can be understood that the ceramic cutting members can
climinate the possibility of leaving metal particles 1n a
treatment site. In one aspect of the mvention, a method of
preventing foreign particle induced inflammation 1n a bone
treatment site comprises providing a rotatable cutter fabri-
cated of a ceramic material having a hardness of at least 8
Gpa (kg/mm?®) and/or a fracture toughness of at least 2
MPam'* and rotating the cutter to cut bone without leaving
any foreign particles in the treatment site. The method
includes removing the cut bone tissue from the treatment site
through an aspiration channel 1n a cutting assembly.

FIG. 8 illustrates variation of an outer sleeve assembly
with the rotating ceramic cutter and inner sleeve not shown.
In the previous variations, such as in FIGS. 1, 2 and 6, shaft
portion 176 of the ceramic cutter 125 rotates 1n a metal outer
sleeve 120. FIG. 8 1llustrates another variation in which a
ceramic cutter (not shown) would rotate in a ceramic hous-
ing 280. In this variation, the shait or a ceramic cutter would
thus rotate 1s a similar ceramic body which may be advan-
tageous when operating a ceramic cutter at high rotational
speeds. As can be seen 1 FIG. 8, a metal distal metal
housing 282 1s welded to the outer sleeve 120 along weld
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line 288. The distal metal housing 282 1s shaped to support
and provide strength to the iner ceramic housing 282.

FIGS. 9-11 are views of an alternative tissue resecting
assembly or working end 400 that includes a ceramic
member 405 with cutting edges 410 1n a form similar to that
described previously. FIG. 9 illustrates the monolithic
ceramic member 405 carried as a distal tip of a shaft or inner
sleeve 412 as described in previous embodiments. The
ceramic member 405 again has a window 415 that commu-
nicates with aspiration channel 420 in shait 412 that 1s
connected to negative pressure source 160 as described
previously. The mner sleeve 412 1s operatively coupled to a
motor drive 105 and rotates 1n an outer sleeve 422 of the type
shown 1n FIG. 2. The outer sleeve 422 1s shown 1n FIG. 10.

In the variation illustrated in FIG. 9, the ceramic member
405 carries an electrode arrangement 423, or active elec-
trode, having a single polarity that 1s operatively connected
to an RF source 440. A return electrode, or second polarity
clectrode 430, 1s provided on the outer sleeve 422 as shown
in FIG. 10. In one variation, the outer sleeve 422 can
comprise an e¢lectrically conductive material such as stain-
less steel to thereby function as return electrode 445, with a
distal portion of outer sleeve 422 1s optionally covered by a
thin insulating layer 448 such as parylene, to space apart the
active electrode 425 from the return electrode 430.

The active electrode arrangement 4235 can consist of a
single conductive metal element or a plurality of metal
clements as shown i FIGS. 9 and 10. In one variation
shown 1n FIG. 9, the plurality of electrode elements 450a,
4506 and 450¢ extend transverse to the longitudinal axis 1135
of ceramic member 405 and 1nner sleeve 412 and are slightly
spaced apart 1n the ceramic member. In one variation shown
in FIGS. 9 and 10, the active electrode 4235 1s spaced
distance D from the distal edge 452 of window 415 which
1s less than 5 mm and often less than 2 mm for reasons
described below. The width W and length L. of window 4135
can be the same as described 1n a previous embodiment with
reference to FIG. 4.

As can be seen 1 FIGS. 9 and 11, the electrode arrange-
ment 425 1s carried intermediate the cutting edges 410 of the
ceramic member 405 1n a flattened region 454 where the
cutting edges 410 have been removed. As can be best
understood from FIG. 11, the outer periphery 455 of active
clectrode 425 1s within the cylindrical or rotational periphery
of the cutting edges 410 when they rotate. In FIG. 11, the
rotational periphery of the cutting edges 1s indicated at 460.
The purpose of the electrode’s outer periphery 435 being
equal to, or mmward from, the cutting edge periphery 460
during rotation 1s to allow the cutting edges 410 to rotate at
high RPMs to engage and cut bone or other hard tissue
without the surface or the electrode 425 contacting the
targeted tissue.

FIG. 9 further illustrates a method of fabricating the
ceramic member 405 with the electrode arrangement 4235
carried therein. The molded ceramic member 405 1s fabri-
cated with slots 462 that receive the electrode elements
450a-450c, with the electrode elements fabricated from
stainless steel, tungsten or a similar conductive material.
Each electrode element 450a-450¢ has a bore 464 extending
therethrough for receiving an elongated wire electrode ele-
ment 465. As can be seen 1n FIG. 9, and the elongated wire
clectrode 465 can be inserted from the distal end of the
ceramic member 405 through a channel 1n the ceramic
member 405 and through the bores 464 1n the electrode
clements 450a-450c. The wire electrode 465 can extend
through the shait 412 and 1s coupled to the RF source 440.

The wire electrode element 465 thus can be used as a means
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of mechanically locking the electrode elements 450a-450c¢
in slots 462 and also as a means to deliver RF energy to the
clectrode 425.

Another aspect of the mvention 1s illustrated 1n FIGS.
9-10 wherein it can be seen that the electrode arrangement
425 has a transverse dimension TD relative to axis 115 that
1s substantial 1n comparison to the window width W as
depicted in FIG. 10. In one vanation, the electrode’s trans-
verse dimension 1D i1s at least 50% of the window width W,
or the transverse dimension TD 1s at least 80% of the
window width W. In the vanation of FIGS. 9-10, the
clectrode transverse dimension TD 1s 100% or more of the
window width W. It has been found that tissue debris and
byproducts from RF ablation are better captured and
extracted by a window 415 that 1s wide when compared to
the width of the RF plasma ablation being performed.

In general, the tissue resecting system comprises an
clongated shaft with a distal tip comprising a ceramic
member, a window 1n the ceramic member connected to an
interior channel 1n the shaft and an electrode arrangement 1n
the ceramic member positioned distal to the window and
having a width that 1s at 50% of the width of the window, at
80% of the width of the window or at 100% of the width of
the window. Further, the system 1ncludes a negative pressure
source 160 1n communication with the iterior channel 420.

Now turning to FIGS. 12A-12C, a method of use of the
resecting assembly 400 of FIG. 9 can be explained. In FIG.
12A, the system and a controller 1s operated to stop rotation
of the ceramic member 405 1n a selected position were the
window 415 1s exposed 1n the cut-out 482 of the open end
of outer sleeve 422 shown 1n phantom view. In one variation,
a controller algorithm can be adapted to stop the rotation of
the ceramic 405 that uses a Hall sensor 484a in the handle
104 (see FIG. 3) that senses the rotation of a magnet 4845
carried by imner sleeve hub 140B as shown 1n FIG. 2. The
controller algorithm can recerve signals from the Hall sensor
which indicated the rotational position of the mner sleeve
412 and ceramic member relative to the outer sleeve 422.
The magnet 484b can be positioned 1n the hub 140B (FIG.
2) so that when sensed by the Hall sensor, the controller
algorithm can de-activate the motor drive 105 so as to stop
the rotation of the mner sleeve 1n the selected position.

Under endoscopic vision, referring to FIG. 12B, the
physician then can position the electrode arrangement 425 1n
contact with tissue targeted T for ablation and removal 1n a
working space filled with fluid 486, such as a saline solution
which enables RF plasma creation about the electrode. The
negative pressure source 160 1s activated prior to or con-
temporaneously with the step of delivering RF energy to
clectrode 423. Still referring to FIG. 12B, when the ceramic
member 405 1s positioned 1n contact with tissue and trans-
lated 1n the direction of arrow Z, the negative pressure
source 160 suctions the targeted tissue 1nto the window 415.
At the same time, RF energy delivered to electrode arrange-
ment 425 creates a plasma P as 1s known 1n the art to thereby
ablate tissue. The ablation then will be very close to the
window 413 so that tissue debris, fragments, detritus and
byproducts will be aspirated along with fluid 486 through
the window 415 and outwardly through the interior extrac-
tion channel 420 to a collection reservoir. In one method
shown schematically i FIG. 12B, a light movement or
translation of electrode arrangement 423 over the targeted
tissue will ablate a surface layer of the tissue and aspirate
away the tissue detritus.

FIG. 12C schematically illustrates a variation of a method
which 1s of particular interest. It has been found 11 suitable
downward pressure on the working end 400 1s provided,
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then axial translation of working end 400 in the direction
arrow 7 1n FIG. 12C, together with suitable negative pres-
sure and the RF energy delivery will cause the plasma P to
undercut the targeted tissue along line L that 1s suctioned
into window 415 and then cut and scoop out a tissue chips
indicated at 488. In eflect, the working end 400 then can
function more as a high volume tissue resecting device
instead of, or 1n addition to, 1ts ability to function as a surface
ablation tool. In this method, the cutting or scooping of such
tissue chips 488 would allow the chips to be entrained in
outflows of fluid 486 and aspirated through the extraction
channel 420. It has been found that this system with an outer
shaft diameter of 7.5 mm, can perform a method of the
invention can ablate, resect and remove tissue greater than
15 grams/min, greater than 20 grams/min, and greater than
25 grams/min.

In general, a method corresponding to the invention
includes providing an elongated shait with a working end
400 comprising an active electrode 425 carried adjacent to
a window 415 that opens to an 1nterior channel 1n the shaft
which 1s connected to a negative pressure source, position-
ing the active electrode and window 1n contact with targeted
tissue 1n a fluid-filled space, activating the negative pressure
source to thereby suction targeted tissue 1into the window and
delivering RF energy to the active electrode to ablate tissue
while translating the working end across the targeted tissue.
The method further comprises aspirating tissue debris
through the interior channel 420. In a method, the working
end 400 1s translated to remove a surface portion of the
targeted tissue. In a vaniation of the method, the working end
400 1s translated to undercut the targeted tissue to thereby
remove chips 488 of tissue.

Now turning to FIGS. 13A-13C, other distal ceramic tips
of cutting assemblies are 1llustrated that are similar to that of
FIGS. 9-11, except the electrode configurations carried by
the ceramic members 405 are varied. In FIG. 13A, the
clectrode 490A comprises one or more electrode elements
extending generally axially distally from the window 415.
FIG. 13B illustrates an electrode 490B that comprises a
plurality of wire-like elements 492 projecting outwardly
from surface 434. FIG. 13C shows electrode 490C that
comprises a ring-like element that 1s partly recessed 1n a
groove 494 1n the ceramic body. All of these variations can
produce an RF plasma that 1s eflective for surface ablation
of tissue, and are positioned adjacent to window 415 to
allow aspiration of tissue detritus from the site.

FI1G. 14 illustrates another variation of a distal ceramic tip
500 of an 1nner sleeve 512 that 1s similar to that of FIG. 9
except that the window 315 has a distal portion 518 that
extends distally between the cutting edges 520, which 1s
usetul for aspirating tissue debris cut by high speed rotation
of the cutting edges 520. Further, 1n the vaniation of FIG. 14,
the electrode 525 encircles a distal portion 518 of window
515 which may be usetul for removing tissue debris that 1s
ablated by the electrode when the ceramic tip 500 1s not
rotated but translated over the targeted tissue as described
above 1n relation to FIG. 12B. In another variation, a distal
t1ip 300 as shown 1n FIG. 14 can be energized for RF ablation
at the same time that the motor drive rotates back and forth
(or oscillates) the ceramic member 500 in a radial arc
ranging from 1° to 180° and more often from 10° to 90°.

FIGS. 15A-15B 1illustrate other distal ceramic tips 540
and 540' that are similar to that of FIG. 14 except the
clectrode configurations differ. In FIG. 15A, the window 5135
has a distal portion 518 that again extends distally between
the cutting edges 520, with electrode 530 comprising a
plurality of projecting electrode elements that extend partly
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around the window 515. FIG. 15B shows a ceramic tip 540
with window 315 having a distal portion 518 that again
extends distally between the cutting edges 520. In this
variation, the electrode 545 comprises a single blade ele-
ment that extends transverse to axis 115 and i1s 1n close
proximity to the distal end 548 of window 5135.

FIG. 16 1llustrates another variation of distal ceramic tip
550 of an mner sleeve 552 that 1s configured without the
sharp cutting edges 410 of the embodiment of FIGS. 9-11.
In other respects, the arrangement of the window 335 and
the electrode 560 1s the same as described previously.
Further, the outer periphery of the electrode 1s similar to the
outward surface of the ceramic tip 550. In the vanation of
FIG. 16, the window 5535 has at least one sharp edge 565 for
cutting soft tissue when the assembly 1s rotated at a suitable
speed from 500 to 5,000 rpm. When the ceramic tip member
550 1s maintained 1n a stationary position and translated over
targeted tissue, the electrode 560 can be used to ablate
surface layers of tissue as described above.

FIG. 17 depicts another vanation of distal ceramic tip 380
coupled to an 1nner sleeve 582 that again has sharp burr
edges or cutting edges 590 as in the embodiment of FIGS.
9-11. In this variation, the ceramic monolith has only 4 sharp
edges 590 which has been found to work well for cutting
bone at high RPMs, for example from 8,000 RPM to 20,000
RPM. In this variation, the arrangement of window 595 and
clectrode 600 1s the same as described previously. Again, the
outer periphery of electrode 395 1s similar to the outward
surface of the cutting edges 590.

FIGS. 18-21 illustrate components of an arthroscopic
system 800 including a re-usable handle 804 that 1s con-
nected by a single umbilical cable or conduit 803 to a
controller unit or console 810. Further, a footswitch 812 1s
connected by cable 814 to the console 810 for operating the
system. As can be seen 1n FIGS. 18 and 20, the handle 804
1s adapted to receive a proximal housing or hub 820 of a
disposable RF shaver or probe 822 with RF functionality of
the types shown in FIGS. 9-17 above.

In one vanation, the console 810 of FIG. 18 includes an
clectrical power source 825 for operating the motor drive
unmit 828 in the handle 804, an RF power supply or source
830 for delivering RF energy to the RF electrodes of the
disposable RF cutter or shaver 822, and dual peristaltic
pumps 835A and 8335B for operating the fluid management
component of the system. The console 810 further carries a
microprocessor or controller 838 with software to operate
and 1ntegrate all the motor drive, control, and RF function-
ality of the system. As can be seen 1n FIG. 18, a disposable
cassette 840 carries intlow tubing 842 and outtlow tubing
842H that cooperate with mntlow and outtlow peristaltic
pumps 1n the console 810. The footswitch 812 in one
variation includes switches for operating the motor drive
unit 828, for operating the RF probe 1n a cutting mode with
radiofrequency energy, and for operating the RF probe 1n a
coagulation mode.

Of particular interest, the system of the invention includes
a handle 804 with first and second electrical contacts 845A
and 845B, typically ring-like contacts that form a continuous
conductive path circumscribing an imner wall of a receiving
passageway 846 of handle 804 (seec FIG. 19) that cooperate
with electrical contacts 850A and 850B in the proximal hub
820 of the disposable RF shaver 822 (see FIGS. 20-21). In
particular, when the proximal hub 820 1s fully inserted into
the receiving passageway 846, the electrical contacts 850A
and 850B will be axially or longitudinally aligned with the
clectrical contacts 8435A and 843B to provide a conductive
path to provide RF power from the electrical power source
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825 to outer and 1nner sleeves 870 and 875 of a RF shaver
822, respectively, as will be described further below. The
proximal hub 820 can be inserted into the receiving pas-
sageway 846 without regard to rotational orientation so that

a user can align a working end 856 of a shaft portion 855 of 5

the shaver 822 1n any desired relative rotational orientation.

The RF shaver 822 includes the shaft portion 8355 that
extends to the working end 856 that carries a bi-polar
clectrode arrangement, of the type shown in FIGS. 9-17.
Handle embodiment 804 provides all wiring and circuitry
necessary for connecting the RF shaver 822 to the controller
810 within the single umbilical cable or conduit 8035 that
extends between handle 804 and the console 810. For
example, the conduit 805 typically carries electrical power
leads for a three-phase motor drive unit 828 in the handle
804, clectrical power leads from the RF power supply or
source 830 to the handle as well as a number of electrical
signal leads for Hall and/or other sensors 1n the motor drive
unit 828 that allow the controller 838 to control the operating,
parameters of the motor drive 828. In this embodiment, the
handle 804 and the conduit 805 are a single component that
can be easily sterilized, which 1s convement for operating
room personnel and economical for hospitals. As can be
understood from FIG. 18, the single umbilical cable or
conduit 803 1s not detachable from the handle 804. In other
embodiments, the single umbilical cable or conduit 805 may
be detachable from the handle 804.

As described previously with respect to FIGS. 12A-12C,
the RF cutter or shaver 22 will typically be connectable to
a vacuum or negative pressure source. Preferably, the handle
804 will include a suction port 972 which can be detachably
or removably connected to a vacuum or suction line 974
(shown 1n broken line). A suction lumen 970 extends axially
or longitudinally through the handle and has a distal section
976 which connects to the receiving passageway 846 so that
a suction or vacuum can be drawn in an nner lumen 875a
of the mner sleeve 875 1n order to aspirate fluid through the
RF shaver when the shaver 1s connected to the handle, as
described elsewhere herein. As a result of this pathway, the
clectrical contacts 850A and 850B and electrical contacts
845A and 845B may be exposed to the electrically conduc-
tive fluids which 1s being aspirated through the handle.
Design aspects of the handle 804 and hub 820 which reduce
or eliminate the risk of electrical shorting and/or corrosion
resulting from such exposure are described below.

One commercially available RF shaver sold under the
tradename DYONICS Bonecutter Electroblade Resector
(See, http://www.smith-nephew.com/professional/products/
all-products/dyonics-bonecutter-electroblade) utilizes an
independent or separate RF electrical cable that carries
neither motor power nor electrical signals and couples
directly to an exposed part or external surface of the prior art
shaver hub. The electrical cable must be routed distally 1n
parallel to a reusable handle. In such a prior art device, the
coupling of RF does not extend through the reusable handle.

The present invention employs a unitary umbilical cable
or conduit 803 for coupling the handle 804 to console 810,
as shown 1n FIG. 18. RF power from the handle 1s supplied
to the disposable RF shaver 822 as shown in FIGS. 21-23.
The systems of the present invention icorporate a number
of innovations for (1) coupling RF energy through the handle
to the RF shaver, and (11) 1n eliminating electrical interfer-
ence among sensitive, low power Hall sensor signals and
circuitry and the higher power current flows to the motor
drive unit 828 and to the RF probe 822.

In one aspect of the invention, referring to FIG. 19, the
clectrical contacts 845A and 845B are ring-like, e.g. cylin-
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drical or partly cylindrical, typically extending around the
inner surface or wall of the receiving passageway 846 of the
handle 804. In use, the electrical contacts 845A and 845
will be exposed to electrically conductive fluids and that are
aspirated through the probe 822 and outtlow passageway or
lumen 970 of the handle 804, subjecting the electrical
contacts 845A and 845B to alternating current corrosion,
which 1s also known as stray current corrosion, which terms
will be used interchangeably heremn. Typically, stainless
steel would be used for such electrical contacts. However, 1t
has been found that stainless steel electrical contacts would
have a very short lifetime 1n this application due to corrosion
during use. As can be understood from FIGS. 19 and 21, the
more proximal cylindrical electrical contact 845B 1n pas-
sageway 846 which engages electrical contact 850B 1n the
hub 820 will be exposed tluid outtlows, and thus subject to
corrosion. The more distal electrical contact 845A 1n pas-
sageway 846 which engages electrical contact 850A 1n hub
820 15 sealed from fluid outflows by O-rning 854 (FI1G. 21),
but typically the exchange of probes in the handle 804
during a procedure will expose the electrical contact 845A
to some conductive fluid which again will result in corro-
S101,

In this application, 1t stainless steel electrical contacts
were used, RF alternating currents that would pass between
such stainless steel contact surfaces would consist of a blend
of capacitive and resistive current. The resistance between
the contacting surfaces of the contacts 1s referred to as the
polarization resistance, which 1s the transformation resis-
tance that converts electron conductance into current con-
ductance while capacitance makes up the electrochemical
layer of the stainless steel surface. The capacitive portion of
the current does not lead to corrosion, but causes reduction
and oxidation of various chemical species on the metal
surface. The resistive part of the current i1s the part that
causes corrosion 1n the same manner as direct current
corrosion. The association between the resistive and capaci-
tive current components 1s known in alternating current
corrosion and such resistance currents can leads to very
rapid corrosion.

In one aspect of the invention, to prevent such alternating
current corrosion, the electrical contacts 845A and 845B
(FIG. 19) 1n the recerving passageway 846 of the handle 804
comprise materials that resist such corrosion, preferably
biocompatible corrosion-resistant materials. By “biocom-
patible,” it 1s meant that the materials re generally biologi-
cally mert and will not cause adverse reactions when
exposed to body tissues and fluids under the conditions
described herein. In one wvariation, the first and second
clectrical contacts 845A and 8435B in handle 804 comprise a
conductive maternial selected from the group of titanium,
gold, silver, platinum, carbon, molybdenum, tungsten, zinc,
Inconel, graphite, nickel or a combination thereof. The first
and second electrical contacts 845A and 845B are spaced
apart by at least 0.04 inch, often at least 0.08 inch, and
sometimes at least 0.16 inch. Such electrical contacts can
extend radially at least partly around the cylindrical pas-
sageway, or can extend in 360° around the cylindrical
passageway 846. The contacts 850A and 850B on the hub
820 can be formed from the same materials but since the
disposable RF cutter 822, corrosion 1s less problematic, so
contacts 850A and 850B can also be formed from other
materials which are less resistant to alternating current
corrosion, such as stainless steel.

In another aspect of the mvention, the motor shait 860
(FIG. 19) will also be exposed to conductive fluids and
subject to alternative current corrosion. For this reason, the
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motor shait 860 and exposed portions of motor drive unit
828 are comprised of or are plated with, one of the corrosion
resistant materials listed above. In one variation, the motor
shaft 860 and exposed motor drive components have a
surface plating of molybdenum.

In another aspect of the invention, the receiving passage-
way 846 of the handle 804 includes an O-ring 852 or other
fluid seal between the hub 820 and passageway 846, as
shown 1n FIG. 19. Additionally or alternatively, one or more
O-rings 854 and 857 or other fluid seals can be carried by the
hub 820, as shown 1n FIG. 21. As can be seen 1n FIG. 21, one
such O-ring 854 can be positioned between the first and
second electrical contacts 845A and 8435B 1n the hub 820 and
850A and 850B in the handle to inhibit or prevent any
passage of fluid therebetween to reduce the risk of shorting.
The second such O-ring 857 can be positioned distally of the
clectrical contacts, so that together with the O-ring 852 on
the receiving passageway 846, scals are provide on proximal
and distal sides of the electrical contacts to prevent or inhibit
fluid 1ntrusion into annular space between the hub 820 and
the surface of passageway 846.

Referring now to FIGS. 20 and 21, another aspect of the
invention relates to designs and mechanisms for effectively
coupling RF energy from RF power supply or source 830
(FIG. 18) to the working end 856 of the RF probe or cutter
822 through two thin-wall concentric, conductive sleeves
870 and 875 that are assembled into a shait 855 of the RF
probe.

FIG. 21 1s an enlarged sectional view of the hub 820 of RF
probe 822 which illustrates the components and electrical
pathways that enable RF delivery to the probe working end
856. In particular, the shaft 855 comprises an outer sleeve
870 and a concentric mner sleeve 875 that 1s rotationally
disposed 1n a bore or longitudinal passageway 877 of the
outer sleeve 870. Each of the outer sleeve 870 and inner
sleeve 875 comprise a thin-wall electrically conductive
metal sleeve which carry RF current to and from spaced-
apart opposing polarity electrodes 1n the working end 856.
As shown in FIG. 21, the iner sleeve 875 provides an
clectrically conductive path or conductor to an active elec-
trode 1n the working end 856, such as a rotatable shaver
component as shown, for example, in FIG. 17. In FIG. 21,
the outer sleeve 870 1s fixed and stationary relative to the
hub 820 and has a distal end or region that comprises or
serves as a local return or dispersive electrode as 1s known
in the art. A working end with an active electrode and a
dispersive or return electrode both located on the cutter or
probe will be considered a “bipolar” configuration 1n con-
trast to “monopolar” devices which rely on a remote ground
or dispersive electrode connected separately to a RF power
supply.

As can be seen 1n FIG. 21, the outer and inner sleeves, 870
and 875, are separated by insulator layers as will be
described below. A proximal end 880 of outer sleeve 870 1s
fixed 1n the hub 820, for example comprising an electrically
non-conductive, plastic material molded over the hub 820.
In FIG. 21, a proximal end 882 of the inner sleeve 875 is
similarly fixed in a molded plastic coupler 862 that 1s
adapted to mate with a distal end of the shait 860 of motor
drive unit 828 (FIG. 18), typically having spines or other
coupling elements to assure suilicient coupling. Thus, the
assembly of imner sleeve 875 and the coupler 862 15 con-
figured to rotate within a passageway 883 1n the hub 820 and
within the bore or longitudinal passageway of outer sleeve
870.

The outer sleeve 870 has an exterior insulating layer 890,
such as a heat shrink polymer, that extends distally from hub
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820 over the shait 855. The inner sleeve 875 similarly has a
heat shrink polymer layer 892 over 1t outer surface which
clectrically isolates or separates the mner sleeve 875 from
the outer sleeve 870 throughout the length of the shaft 855.

The electrical pathways from the handle 804 to the outer
and mner sleeves 870 and 8735 are established by the first or
proximal-most, spring-loaded electrical contact 850A dis-
posed on an exterior surface ol hub 820. The electrical
contact 850A 1s configured to engage the corresponding
electrical contact 845A 1n the handle 804, as shown 1n FIG.
19 when the hub 820 1s fully received 1n the passageway 846
(FIGS. 18 and 19). The clectrical contact 850A 1s connected
and electrically coupled to an electrically conductive core
component 895 within the hub 820 that 1in turn 1s electrically
coupled to a proximal end 880 of the outer sleeve 870.

FIG. 21 further shows a second spring-loaded electrical
contact 8508 1n hub 820 that 1s adapted to deliver RF current
to the rotating inner sleeve 875. In FIG. 21, the electrical
contact 8508 has a spring-loaded interior portion 896 that
engages a collar 890 which in turn 1s coupled to the mnner
sleeve 8735 and the coupler 862.

Referring still to FIG. 21, an assembly of the hub assem-
bly 820 and the outer sleeve 870 defines a first, proximal-
most electrical region, herein called a first polarity region
900A, that 1s electrically conductively exposed to (1.e. not
clectrically 1solated from) an interior space of the passage-
way. Similarly, an assembly of the inner sleeve 875 and a
collar 890 defines a second polarity region 900B that is
clectrically conductively exposed to the passageway 885
extending through hub 820.

As the working end 856 of the RF probe or cutter 822 will
be immersed a conductive saline or other solution during
use, the conductive solution will mevitably migrate, typi-
cally by capillary action, 1n a proximal through an annular
space 883 between an inner wall of the bore or longitudinal
passageway 877 and an outer wall of the insulator layer 892
over inner sleeve 873. Although this annular space or
passageway 885 i1s very small, saline solution still waill
migrate over the duration of an arthroscopic procedure,
which can be from 5 minutes to an hour or more. As can be
understood from FIG. 21, the saline can eventually migrate
to form an electrically conductive path or bridge between the
first and second opposing polarity regions 900A and 900B.
Such bridging would cause a short circuit and disrupt RF
current flow between the working end 856 and the RF power
supply or source 830. Even 11 the short-circuit current flow
through between regions 900A and 900B 1s very low and
does not stop treatment, 1t could still cause unwanted heating
in interior of hub 820. Thus, 1t 1s desirable to limit or
climinate any potential RF current tlow between the first and
second opposing polarity regions 900A and 900B through
the passageway 885 1n hub 820.

In one embodiment intended to eliminate such short-
circuit RF current flow, shown in FIG. 21, a longitudinal or
axial dimension AD between the first and second opposing
polarity regions 900A and 900B 1s selected to be large
enough to provide a very high electrical resistance (resis-
tance 1s proportional to length of the potentially conductive
path) in order to substantially or entirely prevent electrical
current tlow between regions 900A and 900B due. In a
variation, the axial dimension AD 1s at least 0.5 inch, at least
0.6 inch, at least 0.8 inch or at least 1 inch. In such a
variation, 1t 1s also important to limit the radial dimension of
the annular space or gap 905 between the mner and outer
sleeves 870 and 875, which can further increases resistance
(resistance 1s inversely proportion to the cross-sectional area
of the potential conductive path) to current flow between the
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first and second opposing polarity regions 900A and 900B.
In specific embodiments, the annular gap 905 can have a
radial width or dimension of less than 0.006 inch, less than
0.004 inch, or less than 0.002 inch, typically being in a range
from 0.001 inch to 0.006 inch, often being 1n a range from
0.001 inch to 0.004 inch, and sometimes being 1n a range
from 0.001 inch to 0.002 inch. By providing the selected
axial dimension AD and radial dimension of the annular gap
905, the potential electrical pathway 1n a conductive fluid 1n
passageway 883 and any potential unwanted current flow
can be substantially reduced and often eliminated.

In other embodiments, other structure or modifications
can be provided to reduce or eliminate the amount of
conductive saline solution migrating through the annular gap
905 between the opposing polarity regions 900A and 900B.
For example, FIG. 22 show an embodiment in which an
enlarged annular or partly annular space or flmd trap 908 1s
provided to allow saline to flow 1nto the space 908 by gravity
and collect therein. Such a space will prevent or “break” the
capillary action from assisting in the proximal migration of
a conductive fluid 1 passageway 883. In a similar embodi-
ment, still referring to FIG. 22, one or more apertures 910
can be provided in hub 820 to allow any saline in trap 908
to fall outwardly and be removed from the handle 804. In
another variation, a desiccant material (not shown) can be
exposed to the space 908 to absorb a conductive liquid and
thus prevent an electrically conductive pathway between the
first and second opposing polarity regions 900A and 9008
(see FIG. 22).

As described above, the single umbilical cable or conduit
805 that extends from the handle 804 to console 810
includes multiple electrical cables, wires, or other electrical
conductors for powering and operating the motor drive unit
828, for delivering RF energy to the RF probe 822 and for
other signaling and control functions as described below.
FIG. 23 shows a cross-section of the conduit 805 of FIG. 18.

The single umbilical cable or conduit 803 carries a motor
power cable 915 and a RF bipolar cable 916. Cables 920 are
provided for power and ground to a circuit board in handle
804. Cable 922 1s connected to a Hall sensor (not shown) 1n
handle 804 which detects the rotational position of a mag-
netic element 924 on coupler 862 (see FI1G. 21) which allows
the controller to sense the rotational position of coupler 862

and 1nner sleeve 875 relative to the hub 820. Electrical cable
925 1s coupled to the LCD screen 926 in the handle 804

(FIG. 18). Cables indicated at 930 are coupled to the joystick
935 and actuator buttons 936 in the handle 804 as shown 1n
FIG. 18. Finally, a cable 940 has three electrical leads 942a,
942b and 942c¢ that are coupled to three Hall sensors 945a,
945b and 94556 1n the motor drive unit 828 (FIG. 18) which
are adapted to provide signals relating to operating param-
cters of the motor.

As can be seen 1n FIG. 18, an interface circuit board 948
in handle 804 carries three Schmitt triggers 950a, 9505 and
950¢ to reduce noise induction on the three independent Hall
sensor circuits 945a, 9455, and 945¢ that are integrated into
the three-phase motor 828 in the handle 804. In use, a high
fidelity of signals from the Hall sensors 945a, 9455 and 9455
1s essential for controlling the speed and the rotational
direction of the three-phase motor. Thus, the three Schmaitt
triggers 950a, 95056 and 950c¢ reduce such noise generated by

the three-phase motor.
As signals from the Hall sensors 945a, 9455 and 94556

travel over the length of the cables 942a, 9425 and 942¢ (see
FIG. 23), such signals will couple with the three-phase
motor power signals in conduit 803 as well as coupling with
RF signals in conduit 805 during use of the RF probe. For
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this reason, three more Schmaitt triggers 960a, 9605 and 960c¢
are provided inside the console 810 between the console
ends of the Hall sensor circuits and the three-phase motor
control circuit (FIG. 18). The role of these three Schmitt
triggers 960a, 9605 and 960c¢ 1s to remove this coupled noise
before the Hall sensor signals can be routed to control
circuitry that controls the three-phase motor 828.

Although particular embodiments of the present invention
have been described above in detail, it will be understood
that this description 1s merely for purposes of illustration and
the above description of the invention 1s not exhaustive.
Specific features of the invention are shown 1n some draw-
ings and not i others, and this 1s for convenience only and
any feature may be combined with another in accordance
with the invention. A number of variations and alternatives
will be apparent to one having ordinary skills in the art. Such
alternatives and variations are intended to be included within
the scope of the claims. Particular features that are presented
in dependent claims can be combined and fall within the
scope ol the invention. The invention also encompasses
embodiments as 1 dependent claims were alternatively
written 1n a multiple dependent claim format with reference
to other independent claims.

Although particular embodiments of the present invention
have been described above in detail, it will be understood
that this description 1s merely for purposes of 1llustration and
the above description of the mvention i1s not exhaustive.
Specific features of the invention are shown in some draw-
ings and not i others, and this 1s for convenience only and
any feature may be combined with another 1 accordance
with the invention. A number of variations and alternatives
will be apparent to one having ordinary skills 1n the art. Such
alternatives and varations are intended to be included within
the scope of the claims. Particular features that are presented
in dependent claims can be combined and fall within the
scope ol the invention. The invention also encompasses
embodiments as 1 dependent claims were alternatively
written 1n a multiple dependent claim format with reference
to other independent claims.

Other varniations are within the spirit of the present
invention. Thus, while the invention 1s susceptible to various
modifications and alternative constructions, certain illus-
trated embodiments thereot are shown 1n the drawings and
have been described above 1n detail. It should be understood,
however, that there 1s no intention to limit the invention to
the specific form or forms disclosed, but on the contrary, the
intention 1s to cover all modifications, alternative construc-
tions, and equivalents falling within the spirit and scope of
the 1nvention, as defined 1n the appended claims.

The use of the terms “a” and “an” and “the” and similar
referents 1n the context of describing the mvention (espe-
cially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by con-
text. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e.,
meaning “including, but not limited to,”) unless otherwise
noted. The term “connected” 1s to be construed as partly or
wholly contained within, attached to, or joined together,
even 11 there 1s something intervening. Recitation of ranges
of values herein are merely intended to serve as a shorthand
method of referring individually to each separate value
falling within the range, unless otherwise indicated herein,
and each separate value 1s incorporated nto the specification
as 1f 1t were individually recited herein. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly con-
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tradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as”) provided herein, 1s
intended merely to better 1lluminate embodiments of the
invention and does not pose a limitation on the scope of the
invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.

Preferred embodiments of this invention are described
herein, including the best mode known to the inventors for
carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary
skill 1n the art upon reading the foregoing description. The
inventors expect skilled artisans to employ such variations
as appropriate, and the inventors intend for the invention to
be practiced otherwise than as specifically described herein.
Accordingly, this mnvention includes all modifications and
equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover,
any combination ol the above-described elements 1 all
possible varnations thereof 1s encompassed by the invention
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.

All references, including publications, patent applica-
tions, and patents, cited herein are hereby incorporated by
reference to the same extent as 1f each reference were
individually and specifically indicated to be incorporated by
reference and were set forth 1n 1ts entirety herein

A number of embodiments of the invention have been
described. Nevertheless, 1t will be understood that various
modifications may be made without departing from the spirit
and scope of the invention.

What 1s claimed 1s:

1. A disposable bipolar RF probe for use in the presence
of an electrically conductive fluid, the disposable bipolar RF
probe comprising:

a shaft including an inner electrically conductive sleeve
with a first polarity region at a proximal end thereof and
an outer electrically conductive sleeve with a second
polarity region at a proximal end thereof, wherein the
inner electrically conductive sleeve 1s concentrically
received within the outer electrically conductive sleeve
along a longitudinal axis, and

a proximal hub including a central passage, wherein the
respective proximal ends of the inner and outer elec-
trically conductive sleeves are received 1n the central
passage such that the first polanty region and the
second polarity region are exposed in the central pas-
sage and are axially separated from each other in the
central passage by an annular space that extends fully
from the first polarity region to the second polarity
region 1n the central passage,

wherein said annular space 1s open to fluid tlow from the
first polarity region to the second polarity region to
allow the electrically conductive fluid to migrate in a
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proximal direction through the annular space from the
first polarity region to the second polarity region yet
has a longitudinal length and a radial dimension
selected to achieve an electrical resistance of the elec-
trically conductive fluid along the annular space for
limiting current flow between the first polarity region
and the second polanty region in the presence of
clectrically conductive fluid during use.

2. The disposable bipolar RF probe of claim 1, wherein
the inner electrically conductive sleeve 1s configured to
couple RF current flow to a first electrode having a first
polarity 1n a working end of the probe, and the outer
clectrically conductive sleeve 1s configured to couple RF
current tlow to a second electrode having a second polarity
in the working end of the probe, the first polarity and the
second polarity opposing one another.

3. The disposable bipolar RF probe of claim 2, wherein
said electrical resistance in the presence of electrically
conductive fluid during use 1s achieved sufliciently so that
RF current flow to the working end 1s unimpeded.

4. The disposable bipolar RF probe of claim 1, wherein at
least a portion of the iner electrically conductive sleeve 1s
rotationally disposed in a bore of the outer electrically
conductive sleeve.

5. The disposable bipolar RF probe of claim 1, wherein
the longitudinal length 1s at least 0.5 inch.

6. The disposable bipolar RF probe of claim 5, wherein
the radial dimension 1s less than 0.010 inch.

7. The disposable bipolar RF probe of claim 1, wherein
the proximal hub 1s adapted for detachable coupling to a
handle carrying first and second electrical contacts for
coupling RF current through the proximal hub to said inner
and outer electrically conductive sleeves, respectively.

8. A system comprising;:

the disposable bipolar RF probe of claim 1; and

a handle, wherein the handle includes a motor drive unit

for rotating the inner electrically conductive sleeve
when the disposable bipolar RF probe 1s coupled to the
handle.

9. The disposable bipolar RF probe of claim 1, wherein
the longitudinal length 1s at least 0.6 inch.

10. The disposable bipolar RF probe of claim 9, wherein
the radial dimension 1s less than 0.004 inch.

11. The disposable bipolar RF probe of claim 9, wherein
the radial dimension 1s less than 0.002 inch.

12. The disposable bipolar RF probe of claim 1, wherein
the longitudinal length 1s at least 0.8 inch.

13. The disposable bipolar RF probe of claim 1, wherein
the longitudinal length 1s at least 1.0 inch.

14. The disposable bipolar RF probe of claim 13, wherein
the radial dimension 1s 1n the range of 0.001 inch to 0.002
inch.
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